There are few reports of the application of antibiosis as a possible means of controlling Verticillium alboatrum Reinke and Berthold. Most of these publications are concerned with in vitro studies which report the effects of various organisms or their products on V. albo-atrum (Ark and Hunt, 1941; Arnstein et al., 1948; Smith, 1947) . Wilhelm (1951a) effected a reduction in the inoculum potential of V. albo-atrum by amending pots of field-infested soil with blood meal, fish meal, cottonseed meal, and ammonium sulfate. In other studies, Wilhelm (1951b) reported: (1) that V. alboatrum was unable to colonize 3 natural soils after a period of 6 weeks following the introduction of Verticillium into the soils in the form of spores or sclerotia on sterilized pieces of tomato stem; (2) observations that this pathogen grows readily in sterilized soil; (3) on the effects of introducing isolated species of soil fungi singly into pots simultaneously with V. alboatrum. In the last case this author found that species of Gliocladium, Chaetomium, Stachybotrys, and Myrothecium killed or checked the growth of Verticillium. It has been noted for some time by the research workers at Purdue University investigating the Verticillium wilt of peppermint (Johnson, 1951; Luck, 1953) that this fungus will readily colonize sterilized muck soil but can not be isolated from unsterilized muck soil. This fact has suggested that it is biologically reduced in the soil.
The purpose of this study was to determine the effectiveness of certain fungi in controlling V. alboatrum, and then ascertain the persistence of their antibiotic products in muck soil, as well as their in vivo effect upon the pathogenicity of this organism.
MATERIAL AND METHODS
The experimental work on the fate of V. albo-atrum in muck soil was divided into two phases. The first of these was a laboratory phase involving the isolation and determination of fungi antagonistic to V. alboatrum and the observation of this pathogen when grown in flasks of muck soil with the antagonistic fungi. The purpose of the laboratory phase was to discover antagonistic fungi and test their effectiveness as a preliminary to greenhouse trials. The second phase, the greenhouse phase, was devoted to introducing the antagonists into pots of sterile muck soil and noting the effect on the pathogenicity of V. albo-atrum.
Laboratory Phase Fungi antagonistic to V. albo-atrum were isolated from muck soil using standard microbiological techniques. All of the organisms isolated were bioassayed against the no. 182 (Wilhelm) , no. 9 (Wilhelm), and BilB (Johnson) isolates of V. albo-atrum.
Eighteen samples of muck soil were collected during different times of the year to obtain a representative flora of this soil. Eight of these samples were taken from fields containing peppermint (Mentha piperita L.) because this plant is the host for V. albo-atrum. In each case, an attempt was made to isolate every fungus possible from the sample and test its activity against species of Verticillium.
The potency of the antagonists and their metabolic products was determined by culturing them on solid and in liquid media. Three media were used: Waksman's meat extract medium, Czapek's acid medium, and potato glucose medium. The "T" streak method was employed on solid media.
In assaying for antagonistic metabolic products, the fungi were grown in liquid media. Both stationary and shaken flask cultures were grown. The contents of each flask were "Seitz filtered" and the filtrates were assayed by the filter paper disc method on plates seeded with V. albo-atrum.
The suitability of muck soil as a medium for the production of antibiotic substances was pertinent to the assay of promising antagonists. A percolation technique described by Lees and Quastel (1946) (Audus, 1946 albo-atrum when grown in soil cultures in flasks. Two procedures were followed. The first involved the introduction of antagonists into flasks of muck soil and then adding V. albo-atrum into the flasks after the antagonists were established. The second procedure varied in that V. albo-atrum was added to the flasks first and then the antagonists. Samples were removed from the flasks at certain intervals and plated out to determine the fate of the Verticillium.
Greenhouse Phase
The effectiveness of certain fungi or their metabolic products to inhibit V. albo-atrum had been ascertained in the laboratory. The final goal of this research was to determine whether or nor these fungi would have the same effect in muck soil, as observed in the laboratory, on the pathogenicity of V. albo-atrum for its host plant. Only those -fungi showing satisfactory activity in all the methods of assay were used. The antagonists were cultured in suitable liquid media for 10 days. The tomato plants were grown from seed and allowed to grow 3 weeks before transplanting. The muck soil for potting the tomatoes was placed in shallow trays, covered with aluminum foil, and autoclaved at 121 C for 1 hr on 3 successive days. Sterile pots were then filled with this soil and the top and bottom of each pot covered with sterile aluminum foil to prevent contamination. A single antagonist was inoculated into a set of 25 pots using 25 ml of a spore suspension. The antagonist was allowed to colonize the soil in the pots for 2 weeks. After the 2 week period, the young tomato plants were transplanted into the pots by making a hole in the center of the aluminum foil and inserting the roots of the plants through the hole into the soil. A piece of aluminum foil was placed around the stem and over the hole made for the stem to prevent contamination of the soil. At the time of transplanting, a 25 ml suspension of V. albo-atrum no. 9 was added to each pot. The plants were incubated for 6 weeks and observed for symptoms of disease during this period. A periodic check of the soil from each set of pots was made by taking a random sample from the set. At the termination of the experiment, the length of the leaves and roots and the height of the plants were recorded. The plants were cut off above the crown and taken into the laboratory where a positive determination was made for infection by plating out pieces of their stems by the recovery technique described by Opp (1951 Further studies of the antagonists were made using soil cultures in flasks as a means of preparation for greenhouse trials. From these cultures, it was found that in all instances V. albo-atrum could not be recovered after a period of 14 days when this organism was introduced into a soil culture of one of the antagonists. Similar results were obtained when V. albo-atrum was introduced and established before the antagonists. Two series of controls were made and tested by sampling simultaneously with the test flasks. V. albo-atrum was present as the only organism in one set of control flasks. The second set of control flasks consisted of V. albo-atrum and organisms which did not show activity in any of the previous assays. In the first set of controls, V. albo-atrum could be recovered after 21 days. In the second set of controls, V. albo-atrum could not be recovered after 14 days. Therefore, the results of the tests with the antagonists and those of the controls with the nonantagonists were identical and demonstrated that V. albo-atrum was a poor competitor in the soil. This led to further investigations which included growing a large number of fungi, one at a time, with V. albo-atrum. As a general rule it was found that many and various kinds of fungi prohibited the recovery of V. albo-atrum from the soil flasks but they themselves were recoverable. Thus, it was realized that further studies of soil cultures in flasks would be inconclusive and would yield nothing as to the pros- pects of using the antagonists in greenhouse trials. For this reason, the studies were concluded. The final phase, performed under greenhouse conditions, was undertaken to determine the fate of this pathogen in muck soil in the presence of antagonists as indicated by its ability to infect its host under these conditions. The 16 organisms found to be the most effective in the soil percolator assay method were used in these tests. Results in table 3 indicate that 7 of the 16 organisms had no effect on the pathogenicity of V. albo-atrum no. 9. The measurement of the leaves, roots, and height of the plants which were grown in the pots with these 7 organisms closely paralleled the measurements of the infected controls. One plant of the Streptomyces griseus set did not show infection. This was not Note the increase in the stunting of the plants with P. urticae. considered significant. In the cases of Streptomyces albosporeus and S. annulatus, 9 and 6 plants, respectively, remained uninfected. This partial protection was also indicated in the average measurements of these 2 sets of plants when compared with the infected control plants and those of the 7 sets of plants having the ineffective organisms. This difference was attributed to the delay in infection caused by these 2 species of Streptomyces. The delay was evident in the observations of these plants for infection symptoms which did not occur until after infection was apparent in the infected control plants and the other infected plants.
The plants in the pots with Penicillium urticae and Aspergillus clavatus exhibited symptoms earlier than any of the other infected plants. This fact and the measurements of the plants disclosed that something had happened to these 2 sets of plants to increase the effects of Verticillium. Tests showed clearly that the organisms were still viable in the soil of these pots. One possible explanation was that these 2 fungi could produce only small amounts of antibiotic substances in the muck soil of the pots. This had been indicated previously in the soil percolator assays. The result was that the pathogen was stimulated and the expression of the disease enhanced. The plants (W-20) in figure 2 plainly indicate the increase in pathogenic effects. This could not be considered uncommon since not all interactions between rnicroorganisms are antagonistic. Although the relation of antagonistic fungi to soil-borne pathogens is an important study, the role of any organism which might have a synergistic effect on a pathogen should not be overlooked.
Four of the 5 remaining organisms of the 16 gave complete protection against the pathogen. These were: Streptomyces W-32, Fimetaria sp., Podospora sp., and Stachybotrys alternans. One of these, Streptomyces W-32, is shown in figure 3 . A comparison of the root systems of an infected control, normal control and a plant protected by Streptomyces W-32 is shown in figure 4 . Ordinary differences were present in the sizes and measurements of the plants but no more than were present between the plants of the noninfected control plants themselves. One plant of the Chaetomium sp. set was found to be infected but this was not considered significant because this organism gave protection in 96 per cent of the samples.
Streptomyces W-32 was chosen to test the ability of an antagonist to protect a plant whose roots were dipped in a suspension of V. albo-atrtm no. 9 and then planted in soil which had previously been colonized by this actinomycete. The results of this test are also given in table 3. Only 1 of the 25 plants was not infected. The root measurements reveal that the antagonist prohibited the extensive damaging effect on the root system which is commonly caused by this pathogen and which could be seen in the infected control plants. Aside from this, Streptomyces W-32 did not prevent the pathogen from penetrating and stunting the above-the-ground portions of the plants.
SUMMARY
The microflora of muck soil was found to contain numerous fungi antagonistic to the isolates of Verticillium albo-atrum. Muck soil from fields in corn, oats, and certain other crops yielded more fungi antagonistic to the various isolates of V. albo-atrum than the muck soil from fields in peppermint.
Of 268 organisms, 62 were found to be inhibitors of Verticillium isolates on a solid medium and 35 exhibited noteworthy antagonism. From shaken and stationary flask cultures of these 35 organisms, 16 filtrates were active against V. albo-atrum.
A variation of the Audus-type soil percolator was used to assay the antagonists in muck soil. We found 10 of 16 organisms exhibited moderate to good inhibition of V. albo-atrum no. 9, thereby demonstrating the ability of certain fungi to produce a substance or substances in sterilized muck soil which were active against V. albo-atrum.
Verticillium can readily colonize sterilized muck soil. Many and various kinds of fungi made it impossible to recover V. albo-atrum from soil flask cultures regardless of their previous activity in the assays. On the basis of the soil flask cultures, it could be said that V. albo-atrum is a poor competitor in the soil. It clearly indicates that Verticillium is not a saprophyte in unsterilized muck soil, but rather should be considered a soil invader and plant pathogen.
Greenhouse trials of 16 antagonistic fungi indicated the possibility of modifying the pathogenic effects of V. albo-atrum no. 9 to tomato (Lycopersicon esculentum Mill.-Bonny Best). Streptomyces W-32, Fimetaria sp., Podospora sp., Chaetomium sp., and Stachybotrys alternans effected a complete control of this isolate from tomato. Penicillium urticae and Aspergillus clavatus enhanced the expression of this disease.
There was excellent correlation between the amount of inhibition exhibited in the soil-percolator assays and the results obtained in greenhouse trials.
